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USE OF METFORMIN IN THE PREPARATION OF PHARMACEUTICAL 
COMPOSITIONS CAPABLE OF INHIBITING THE ENZYME DIPEPTIDYL 
PEPTIDASE IV 
Field of invention 

5 The present invention refers to the use of metformin in the preparation of 
pharmaceutical compositions useful for the treatment of pathologies requiring the 
inhibition of the enzyme dipeptidyl peptidase IV, in particular for increasing the 
plasma concentration of Glucagon-Like Peptide-1 . 
State of the art 

10 It is known that the enzyme dipeptidyl peptidase IV (DPP-IV) is an enzyme present 
in the serum and expressed on the surface of endothelial cells in different parts of 
the body. This enzyme inhibits the action of Glucagon-Like peptide 1 (GLP-1), a 
hormone which stimulates insulin secretion and inhibits food intake, and of other 
hormones and neuropeptides including neuropeptide Y (NPY) and peptide YY 

is (PYY). While the actions of the enzyme have not been completely characterised, it 
is known that DDP-IV is involved in the modulation of immune responses (it is 
known by immunologists as CD26). 

Considering the wide spectrum of activity of DPP-IV, a product capable of 
inhibiting its activity could be very useful in the treatment of pathologies caused by 
20 a deficit (relative or absolute) of hormones degraded by the enzyme or by an 
excessive activity of CD26. 

It is also known that Glucagon-Like Peptide-1 (GLP-1) is an hormone produced by 
the endocrine cells dispersed in gastrointestinal mucosae (Orskov et al. 
Endocrinology 119:1467-75 (1986)). This hormone is secreted mainly after meals 
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rich in carbohydrate (Shima et al. Acta Endocrinol Copenh 123:464-70 (1990)) and 
has two main effects: 

a) it stimulates glucose-induced insulin secretion (Kreymann et al. Lancet 
2:1300.1304 (1987)) and therefore is, at least partially, responsible for the 

5 increase of insulin secretion in the early post-prandial phase; 

b) it inhibits food intake, through a direct action on the central nervous system 
(Turton et al. Nature 369:69-72 (1996)). 

Since the hormone is capable of crossing the blood-brain barrier (Orskov et al. 

Diabetes 45:832-35, (1996)), the peripheral administration of the hormone 
io determines a stimulation of central GLP-1 receptors involved in the regulation of 

food intake; therefore, it is conceivable that the gastroenteric post-prandial 

secretion of GLP-1 contributes to the induction of satiety after a meal. 

The use of exogenous GLP-1 in therapy by parenteral (subcutaneous or 

intravenous) or trans-mucosal administration in type 2 diabetes has been widely 
15 investigated (Gutniak et al. Diabetes Care 20:1874-79 (1997), Rachman et al. 
Diabetologia 40:205-211 (1997)). The administration of exogenous GLP-1 during 

the meal is carried out in order to increase the secretion of insulin in the early post- 
prandial phase, correcting the insulin deficiency occurring in that phase in type 2 
diabetes. An advantage of this therapy is that it also induces, facilitating body 
20 weight control. A product capable of increasing the post-prandial concentration of 
endogenous GPL-1 (increasing its secretion or reducing its inactivation) would 
therefore be useful in the treatment of type 2 diabetes and obesity. The inhibition 
of DPP-IV has been considered as a treatment option for type 2 diabetes, and 
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various studies are at present carried out in order to identify pharmaceuticals 
possessing such activity. 

Type 2 diabetes mellitus is a disease characterised by a reduced sensitivity to 
insulin action (insulin resistance), associated with insufficient insulin secretion, 

5 particularly in the early post-prandial phase. In different patients one or the other 
pathogenic component can prevail: in general, in obese patients insulin resistance 
is considered the main pathogenetic mechanism, while in normal weight subjects 
with type 2 diabetes the deficit in insulin secretion is more evident and the insulin 
resistance less marked. These differences requires different therapeutic 

10 approaches: in obese patients drugs such as metformin, which increase insulin 
sensitivity, are preferred, while in normal weight molecules capable of stimulating 
insulin secretion (such as sulfonylureas) are more often used. 
Metformin is an oral hypoglycemic of the biguanide class, widely used as a firts- 
approach therapy in overweight patients with type 2 diabetes. 

15 The compound also shows a modest anorexic action; therefore, long-term 
metformin treatment usually reduced body weight, or prevents weight gain, in 
overweight type 2 diabetic patients. 
Detailed description of the invention 

It was now surprisingly found, and it is an object of the present application, that 
20 metformin, in the pharmaceutical form of administration usually employed and 
commercially available, inhibits the activity of DPP-IV and therefore can be useful 
for the preparation of pharmaceutical compositions to be used when the inhibition 
of such enzyme is requested. 
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In particular, and this is a second object of the present invention, it increases the 
plasma concentration of GLP-1, by stimulating hormone secretion and/or inhibiting 
its inactivation; metformin is therefore useful in the treatment of all the pathologic 
conditions where a deficit of GLP-1 is involved, without making it necessary the 
administration of exogenous GLP-1. More generally, considering the different 
effects of GLP-1, i.e. insulin secretion stimulation and satiety induction in the early 
post-prandial phase, the treatment with metformin can be useful in all pathologic 
conditions involving deficit of insulin secretion in the early post-prandial phase (for 
example type 2 diabetes, even in normal weight patients) and/or deficit of satiety 
(for example obesity, even when not associated with diabetes mellitus) and in any 
other pathology, at present not foreseeable, where the increase of plasma 
concentration of GPL-1 is required. 
Experimental part 

effect of metformin on GPL-1 secretion 
The effect of metformine on the secretion of GPL-1 was studied on 20 obese non- 
diabetic male patients, aged 30-60 years, 10 of whom received metformin 850 mg 
per os t.i.d. for 14 days, while the remaining 10 patients received no treatment and 
were used as a control group. GPL-1 secretion is regulated by glycaemia and 
insulinaemia; since metformin reduces both glycaemia and insulinaemia, in order 
to verify the direct effect of the compound on hormone secretion and metabolism it 
was necessary to develop an experimental model wherein glycaemia and 
insulinaemia were maintained constant and controlled from the outside. The 
patients underwent an intravenous infusion of regular insulin (40 mU/m2*min) and 
glucose, and glucose infusion rates were adjusted on the basis of glycaemia in 
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samples of arterialised venous blood drawn every 5 minutes, in order to maintain 
glycaemia at 100 mg/dl (euglycemic hyperinsulinemic clamp), according to a 
technique described by DeFronzo et al. 1979. This procedure suppresses 
endogenous insulin secretion, and allows to maintain glycaemia and insulinaemia 
constant. After 90' from the beginning of the clamp, glucose (50 g) was 
administered orally, maintaining glycaemia constant by adjusting the glucose 
infusion rate accordingly. The circulating concentration of the active forms of GPL- 
1 ,(GLP-1[7-36]amide and GLP-1[7-37]) was measured at 0, 30, 60, and 90 
minutes from the oral glucose load. This test was performed at the beginning of 
the study and after two weeks (at the end of metformin therapy for the active 
treatment group). 

Metformin does not modify the basal concentration (i.e. those not stimulated by 
oral glucose administration) of GPL-1 (mean±SD after treatment in the active 
treatment group : 151 ±70 versus 132±56 pg/ml for GLP-1[7-36]amide, and 17±12 
versus 19±15 for GLP-1R-37]; p=NS at Student's paired t test). The treatment with 
metformin determined a relevant increase of GPL-1 levels after the oral glucose 
load: the incremental area under the curve (IAUC) increases from 2430±2781 to 
101 51 ±5058 pg*min/ml for GLP-1[7-36]amide and from 232±382 to 762±644 for 
GLP-1[7-37] (p<0.05 at Student's paired t test) in the active treatment group, while 
no significant variation is observed in the control group. 

It is therefore clear, in the light of the above reported data, that orally administered 
metformin increases the plasma levels of the active forms of GPL-1 after an oral 
glucose load, without modifying the basal hormone concentration. 
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The here demonstrated action of metformin on an endocrine system (GPL-1) 
involved in the regulation of satiety can suggest a wider use of the compound also 
on non-diabetic obese patient therefore beyond its present use (type 2 diabetes). 
Moreover, since GPL-1 is a factor capable of stimulating insulin secretion it can be 
expected that metformin, through the stimulation of GLP-1, could have a 
stimulating effect on insulin secretion in the early post-prandial phase. This 
mechanism of action, ignored up to now, can be an hint to modify therapeutic 
treatment: metformin, in fact, should no more be considered as a molecule acting 
on insulin resistance only, and therefore especially suitable for obese diabetes 
patients, but it is a molecule with a peripheral effect (on insulin sensibility) and an 
effect, through GPL-1 , on insulin secretion (stimulated in the early post-prandial 
phase). 

Metformin inhibiting effect on the e nzvme DPP-IV 
To determine the inhibiting activity of metformine o DPP-IV its effect on the 
degradation of GLP-1 (7-36) amide in vitro was studied by using a pool of plasma 
from voluntary human donors and in a buffer solution containing DPP-IV. 
The plasma was collected from 11 healthy volunteers (6 men, 5 women) slim 
(body mass index <27 kg/m 2 ), with normal glucose tolerance, aged 25-42 years. 
The blood samples where collected at 8.30 in the morning, after overnight fast, in 
10 ml ampoules containing EDTA and 500 Ul of kallicrein; the plasma was 
immediately separated by centrifugation at 4°C. Samples of 1 ml of plasma were 
incubated for 30' at 37°C with 420 pg of GLP-1 [7-36]amide in 0.1 M Tris HCI (pH 
8) and with different concentrations (from 0 to 0.5 u.g/ml) of metformin. The 
reaction was stopped after 30' by adding 1 ml trifluoroacetic acid 0.1% and the 
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samples were extracted on Sep-Pak C18 columns eluted with acetonitrile in 
trifluoroacetic acid 0.1%. The eluates were lyophilised and stocked at -80°C. 
420 pg/ml GPL-1[7-36]amide in Tris HCl 0.1 M 8pH8) were incubated with 0.06 
U/ml of DPP-IV from pig kidney (Sigma, St. Louis. USA) in the presence of 
different concentrations (0 - 0.5 ug/ml) of metformin for 0 - 30' at 37°C. The 
samples were submitted to the same procedures described in the previous 
experiment. 

The concentration of GPL-1(7-36)amide was measured (RIA) in the collected 
samples. 

The concentration of GPL-1(7-36) amide measured in the samples at tempo 0, in 
the absence of metformin, was 356+21 pg/ml (theoretic 440 pg/ml) with a recover 
of 81%. The addition of metformin up to the highest concentration did not modify 
such concentration at time 0, showing that the metformin does not interfere with 
the laboratory determination of GLP-1[7-36]amide concentration. After an 
incubation of 30' at 37°C, GPL-1 [7-36]amide concentration in serum decreases of 
42% when compared to time 0. Metformin 0.1 and 0.5 ^g/ml markedly inhibits 
such degradation in a dose-dependent manner; at 0.5 ug/ml metformin inhibits the 
degradation of GPL-1 [7-36]amide almost totally. Similar results were obtained in 
the buffer solution containing DPP-IV. 

The above reported data show that the inhibition of GLP-1 degradation caused by 
metformin is at least partly due to an inhibition of the activity of DPP-IV. That 
means that the action of metformin on the plasma concentration of GLP-1 is due, 
at least partially, to the inhibition of the hormone degradation by DPP-IV. 
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In this particular case the increase of the plasma concentrations of GPL-1 due to 
the inhibition of the DPP-IV activity can be useful in the treatment of different 
metabolic disorders as type 2 diabetes and obesity; in fat GLP-1 stimulates the 
secretion of insulin, reducing glycaemia, and at the same time it inhibits food 
5 intake inducing satiety. Moreover, as stated above, considering the different 
actions of this enzyme, the possibility of inhibiting its activity can be helpful for 
treating other pathologies where it can be useful to increase the concentrations of 
NPY, PYY or other possible hormones inactivated by DPP-IV. Moreover, the 
inhibition of the enzyme can prove useful in the treatment of pathologies of the 
10 immune system were the inhibition of CD26 activity is required. 

As already said above metformin can be administered in the pharmaceutical forms 
commonly used and therefore in combination with the common excipients already 
used for the preparations of such forms, for example in the form of tablets. 
The doses normally administered for the therapeutic treatment of the above said 
is pathologies are comprised between 1000 and 2500 mg/die. A typical protocol of 
administration is for example a tablet containing 850 mg of metformine three times 
a day before breakfast, lunch and dinner. 
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CLAIMS 

1 . Use of metformine for the preparation of pharmaceutical composition useful to 
inhibit the enzyme dipeptidyl peptidase IV. 

2. Use according to Claim 1 wherein the pharmaceutical compositions are useful 
to regulate the concentration of hormones and neuropeptides which are 
inactivated by the enzyme dipeptidyl peptidase IV. 

3. Use according to Claim 1 wherein the pharmaceutical compositions are useful 
to regulate the immunity functions modulated by CD26. 

4. Use according to Claims 2 wherein the hormone whose concentration is 
regulated is GLP-1 . 

5. Use according to Claim 2 wherein the neuropeptides whose concentration is 
regulated are the peptide YY and the neuropeptide Y. 

6. Use according to claims 1-5 wherein the pharmaceutical composition consists 

2 of metformine and the usual carriers and excipients used for the preparation of 

3 oral forms. 

1 7. Use according to Claim 6 wherein the pharmaceutical composition is in the form 

2 of tablets. 

1 8. Method for inhibiting the activity of enzyme DPP-IV wherein a quantity of 

2 metformine comprised between 500 and 850 is administered to the patients 2-3 

3 times a day. 

1 9. Method for increasing the concentration of endogenous GLP-1 wherein a 

2 quantity of metformine comprised between 500 and 850 is administered to the 

3 patients 2-3 times a day. 
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1 10. Method according to claim 9 wherein the patient is an obese non diabetic 

2 subject. 

1 11. Method according to Claim 9 wherein the patient is a diabetic slim or normo- 

2 weight subject. 
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